Introduction
Since ancient times Rumex L. (dock) species have been well known for their use in traditional medicine, due to therapeutic efficacy and various biological activities [1] . In Poland the Rumex genus is represented by 25 perennial plant species. Nowadays, both the underground parts and aerial parts of some docks, e.g. R. acetosa, R. acetosella, R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius are commonly used in different kind of diseases treatments [2] [3] [4] . Preparations from the Rumex, especially due to their anti-inflammatory and antimicrobial activities, are useful in dermatology for skin infections [5] [6] [7] [8] [9] , in inflammation of the gastrointestinal tract and digestive disorders [5, 7, 10, 11] , as laxative or antidiarrheal agents [7, [11] [12] [13] [14] and as a treatment for upper respiratory tract diseases (nasal sinuses and throat) [15] . In the 70's decoctions from the fruits of R. crispus were especially accepted in the pediatric hospitals for their bacteriostatic and gentle antidiarrheal action [16, 17] . Besides, some species of Rumex genus possess other strong biological properties: antioxidant, anti-cancer, antiviral [5, 18] , immunostimulating [15] , antiscorbutic [10, 19] and antipyretic [10, 20] . They can be also used as tonics, diuretics or hypertensive agents [7, 10, [18] [19] [20] [21] .
There are many literature data describing the antibacterial and antifungal properties of main biologically active compounds from Rumex species: anthracene derivatives [22] [23] [24] , polyphenols [23, 25, 26] and tannins [23, 27] .
These previous results encouraged us to examine the antibacterial and antifungal activity of selected Rumex species growing in Poland, due to minimal and insufficient information in scientific reports. The objective of the present study was to screen in vitro the antimicrobial activity of the extracts obtained from fruits of R. acetosa, R. acetosella, R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius against potentially pathogenic or opportunistic microorganisms along with their phytochemical evaluation.
Experimental Procedures

Plant material and extraction
The fruits of six species of Rumex genus were used in this study: R. acetosa, R. acetosella, R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius. The plant material was collected in the natural places in the vicinity of Lublin in June 2006. It was dried for 15 days at room temperature in the absence of light in a well-ventilated place and then stored at room temperature in an air-tight glass jar protected from light. The voucher specimens were deposited in Department of Pharmaceutical Botany, Medical University of Lublin, Poland (RF.01.06 -RF.06.06). Cut up (0.5 cm pieces), air-dried and finally powdered plant material (5 g) was extracted three times with 50 mL 95% aqueous ethanol and once with a solution of 25 mL 95% aqueous ethanol and 25 mL distilled water (15 minutes of each extraction) in a supersonic water bath at room temperature. The combined extracts were concentrated under reduced pressure at 40ºC and the residue was stored in a dark place to completely evaporate the solvent. Then the dry, powered residues were placed in Eppendorf's tubes, weighed and used for further antimicrobial investigations. The rest of the extract was kept under refrigerated conditions. Dry extracts from the fruits were dissolved under aseptic conditions in DMSO (dimethyl sulfoxide) reagent at a concentration of 50 mg/mL (stock solution). 
Antimicrobial assay
Test microorganisms
Microdilution method
The tested extracts from fruits of Rumex species were examined for their in vitro antimicrobial activity on the basis of MIC (minimal inhibitory concentration), defined as the lowest concentration of the extracts required for total (for bacteria) or 80% (for fungi) inhibition of the visible growth of the tested microorganisms compared with the control medium. Determination of the MIC had been achieved in vitro by agar and/or broth dilution methods with Mueller-Hinton medium (Biocorp) buffered at pH 7.1 (for bacteria) or buffered at pH 5.6 supplemented with 2% glucose (for fungi), containing two-fold dilutions of the tested extracts (at final concentration 500, 250, 125, 62.5 and 31.25 μg/mL). The experiments proceeded according to CLSI (Clinical and Laboratory Standards Institute) recommendations [28] , with some modifications. The medium without assayed compounds added served as a control. The final concentration of the DMSO in the medium had no influence on the growth of the tested microorganisms.
In the agar dilution technique, microbial suspensions (0.025 mL) of bacteria were used to inoculate Petri dishes containing 20 mL medium including two-fold dilutions of the tested extracts. The plates were preincubated at room temperature for 1.5 h and then were incubated at 35°C for 18 h. After incubation, the growth of the tested bacteria or fungi was visible compared to that observed on control plate without tested extracts ( Figure 1 ). In the broth dilution method, microbial suspensions (0.020 mL; 0.5 Mc Farland standard after 1:10 dilution in Mueller-Hinton broth) were added to 1 mL of medium containing two-fold dilutions of the tested extracts. After incubation (37°C for 18 h), the optical density (OD600) measurements were determined for bacterial culture in broth medium and the MIC values were determined.
The agar dilution method was used to determination of MIC values for fungi. Microbial suspensions (0.025 mL; optical density of 0.5 Mc Farland standard) were used to inoculate Petri dishes containing 20 mL medium with or without (control plate) the tested extracts. The incubation was carried out at 30°C for 48 h for Candida spp. and for 3 to 5 days for A. niger ATCC 16404 and T. menthagrophytes ATCC 9533, depending on the growth in control medium. The rate of growth inhibition of the tested fungi was compared to that observed on control media by visual assessment. Gentamicin (Polfa Tarchomin), cefuroxime (Bioton) and fluconazole (Polfa Kraków) as control antimicrobials or rhein (Carl Roth GmbH) and gallic acid (Carl Roth GmbH) as naturally occurring in Rumex genus [29, 30] control compounds with high antimicrobial activities [22, 31] were assayed on the basis of MIC by the broth dilution method. Tests were performed twice.
Phytochemical analysis
Total polyphenols content
The determination of a total amount of polyphenol compounds in the examined Rumex species was carried out according to the spectrocolorimetric method elaborated by Singleton and Rossi [32] . A 1 g portion of powdered plant sample was twice extracted with 70% aq. methanol (35 mL) for 1 h in a boiling water bath. The obtained extracts were transferred to a 100 mL volumetric flash, which was filled up to its volume with extraction solvent. 0.1 mL of sample solution was added to 4 mL distilled water and 1 mL of Folin-Ciocalteau's reagent. After 3 min, 4 mL of Na 2 CO 3 (70 g/L) was added. The solution was mixed and left to stand for 30 min. The absorption of the resulting blue color was measured at 660 nm (UV-VIS spectrophotometer, Carl Zeiss, Jena). The concentration of phenols in the sample was estimated from standard curve of gallic acid in the concentration range of 10-70 mg/L. Results are expressed as mg gallic acid equivalents (GAE)/1 g of dry material. All samples were analyzed in triplicate.
Estimation of anthracene derivatives
RP-HPLC analysis was applied for separation, identification and quantitative determination of anthracene derivatives.
Chromatographic separations were carried out at 25°C using Prodigy ODS-3 column (5 μm, 250x4,6 mm I.D.) (Phenomenex, Torrance, CA, USA) and a security guard column of the same factory. The column and the guard column were placed in the oven and the analyses were performed at 30ºC (Column Thermostat, JetStream II Plus, Knauer, Warsaw, Poland). The chromatographic analyses were performed in gradient elution conditions using as solvent A -aqueous CH 3 COOH solution containing 5 mL of glacial acetic acid/L and as solvent B -MeOH. Chromatograms were monitored by the AD25 detector at 254 nm and by the PDA detector and the absorbance spectra (190-750 nm) were collected continuously during the course of each run [30] .
Determination of tannins
The content of tannins was determined by the titrimericallyweight method described in Polish Pharmacopoeia VI [33] . The tannins were precipitated from water extract and examined as insoluble copper salts.
Results
Antibacterial and antifungal activity
The in vitro antimicrobial effectiveness of the extracts obtained from the fruits of six Rumex species was screened for the growth inhibition of bacteria, using the agar or broth dilution methods (Table 1) or fungi, using agar dilution technique (Table 3) . Both techniques allowed determination of minimal inhibitory concentration (MIC).
According to our results, the extracts from fruits of R. acetosa and R. acetosella did not inhibit all tested 
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bacterial species growth up to the highest concentration used (MIC>500 μg/mL), irrespective of the method employed. As found by the broth dilution method, the extracts of R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius possessed potential activity against the reference and clinical staphylococcal strains with MIC=62.5-500 μg/mL ( Table 1 ). The same Rumex sp. extracts exerted differential and slightly lower inhibitory effect on the growth of Gram-negative bacteria -E. coli ATCC 3521 (MIC from 250 to ≥500 μg/mL), P. mirabilis (MIC from 125 to ≥500 μg/mL), P. vulgaris and P. aeruginosa (MIC from 500 to >500 μg/mL). The growth of Gram-negative bacteria -such as E. coli O55, K. pneumoniae and K. oxytoca, was not inhibited even at the highest extract concentration used (MIC>500 μg/mL). It should be noted that somewhat higher MIC values were obtained by agar dilution method compared to those by broth dilution technique. During our experiments, rhein, an anthracene derivative presents in Rumex species inhibited the growth of staphylococcal strains with MIC=15.62-62.5 μg/mL and that of Gram-negative bacteria such as E. coli O55 and Proteus mirabilis, with MIC=250 μg/mL; other Gram-negative bacteria were insensitive to rhein (MIC>500 μg/mL) ( Table 2) . Gallic acid had no inhibitory effect against all tested bacteria (MIC>500 μg/mL). Moreover, cefuroxime belonging to the second generation of cephalosporins and gentamicin belonging to aminoglycosides, antibiotics widely used in treatment of infectious diseases, showed activity against staphylococcal strains with MIC=0.49-1.95 μg/mL and MIC=0.015-0.06 μg/mL, respectively ( Table 2) . The cefuroxime showed antibacterial activity against Gram-negative species with MIC=0.49-7.82 μg/mL for fermentative rods and MIC=250 μg/mL for non-fermentative P. aeruginosa. The MIC of gentamicin was 0.24-0.98 μg/mL for all tested Gram-negative rods.
Data presented in Table 3 , concerning antifungal activity of the Rumex extracts assessed by agar dilution method, indicate that all extracts possessed activity against Candida spp. with MIC=250-500 μg/mL. The extracts of R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius possessed also activity against T. menthagrophytes with MIC=250 μg/mL. No growth inhibition of T. menthagrophytes was found by extracts of R. acetosa and R. acetosella even at the highest concentration used (MIC>500 μg/mL). Likewise, growth of A. niger belonging to moulds was not inhibited even at 500 μg/mL concentrations of all tested extracts. MIC values of rhein and gallic acid for C. parapsilosis ATCC 22019, the reference strain in studies on antifungal agent activity, were 250 or 125 μg/mL, respectively; fluconazole inhibited growth of the same strain with MIC=62.5 μg/mL.
Phytochemical investigations
The total polyphenol content was estimated using the classical spectrocolorimetric method and ranged from 11.66 mg gallic acid equivalents in fruits of R. acetosa to 78. 36 E. coli O55 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
P. mirabilis >500 >500 >500 >500 500 250 500 >500 500 500 500 125
P. vulgaris >500 >500 >500 >500 500 >500 >500 >500 500 >500 >500 >500
K. pneumoniae >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
K. oxytoca >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500 >500
P. aeruginosa >500 >500 >500 >500 500 >500 500 500 500 500 >500 500 ( Table 4 ). The total content of anthracene derivatives ranged from 0.26 mg/g (R. obtusifolius) to 12.93 mg/g (R. acetosella) and tannins -from 4.00 to 11.16% (R. obtusifolius and R. hydrolapathum, respectively).
Discussion
Rumex species have been used for centuries in folk medicine in most parts of the world, including Poland, especially as anti-infectious agents. According to the literature data [6, 23, 24, 34, 35] , several species of Rumex possess antimicrobial activity. However, the spectrum of antimicrobial activity depends on several factors such as plant species, part of plant (underground vs. aerial), methods of extraction (acetone, hexane, ethyl acetate, ethanol, methanol, buffered methanol or water extract) or geographic region, e.g. North/South America or Asia [36] [37] [38] [39] [40] [41] [42] [43] .
This is the first screening of antibacterial and antifungal activity from the extracts of fruits in the Rumex plant species growing in Poland. According to data presented in this paper the R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius showed good inhibitory activity against staphylococci -both pathogenic S. aureus and opportunistic S. epidermidis, and to a lesser extent inhibitory activity against some Gram-negative bacteria, such as E. coli or P. vulgaris. Besides, moderate antifungal inhibitory effect of these extracts against yeasts -C. albicans or dermatophytes -T. menthagrophytes was also observed. It should be noted that the extracts from fruits of R. acetosa and R. acetosella had no activity against all tested bacterial species as well as against fungi -T. menthagrophytes or A. niger, belonging to moulds. Only some anticandidial activity of these extracts was found. No literature data on the antimicrobial activity of the extracts from fruits of R. confertus, R. crispus, R. hydrolapathum and R. obtusifolius were available.
In assessment of antibacterial activity of the plant extracts, two recommended methods may be used -agar or broth dilution procedures [28] . Usually, MIC values obtained by agar dilution method were somewhat higher than those obtained by broth dilution method, most probably due to limited penetration of biologically active compounds into solid agar medium [44, 45] . Similar observations were noted in this paper.
It is known that bacteria (e.g. S. aureus) and fungi (e.g. dermatophytes from genus Trichophyton and yeasts from genus Candida) may be an etiological agents of skin and soft tissue infections [46] [47] [48] [49] [50] . Due to limited antimicrobial therapeutics options and chronic course of superficial infections, the extracts from fruits of Rumex sp., including especially R. confertus and also R. crispus, R. hydrolapathum and R. obtusifolius, may be regarded as alternative or adjunctive externally used herbal specimens in treatment of uncomplicated superficial skin and soft tissue infections. The obtained data confirm use of Rumex species in folk medicine in Poland as anti-infectious agents. The chemical composition accounting for the most active extracts, however, remains to be identified.
